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Objective. To report cost related to gained life years after repair of ruptured abdominal aortic aneurysms in patients aged 80
or older.
Design. A retrospective study based on prospectively registered data.
Patients and methods. Fifty-three patients aged 80 or older were operated on for ruptured abdominal aortic aneurysm over
a 20-year period from 1983 to 2002. Thirty-one (58%) patients had systolic BT ,80 mmHg. Operative mortality (,30
days) and long-term survival were studied. The number of life-years gained from the operations was estimated. Based on
diagnose related group (DRG) values, the cost of each gained life-year was calculated.
Results. The operative mortality was 47%. Long-term survival of those patients who survived the operation was similar to
that of an age and sex matched population. The 53 operations resulted in 145 gained life-years, which leaves a mean survival
of 2.7 years of all the patients and 5.2 years of those who survived the operation. The estimated cost per gained life year was
e6817.
Conclusions. The operative mortality of ruptured abdominal aortic aneurysm remains high. The long-term survival of
patients who survive the operation is acceptable. The price of each gained life-year is low, as compared to other established
treatment modalities. Improved results with endovascular treatment may even decrease the cost per gained life year.
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Introduction
Surgery for asymptomatic or symptomatic non-rup-
tured abdominal aortic aneurysm is a prophylactic
procedure performed to prevent death due to rupture,
and the risk of surgery must be balanced against the
risk of being left untreated. A ruptured aneurysm is
lethal in almost every case unless the patient is
operated on successfully.1 All postoperative survival
time may therefore be considered as a net gain from
the operation. The aim of this study is to report
operative mortality and long-term survival of patients
aged 80 or older subjected to open surgical repair of
ruptured abdominal aortic aneurysms. Furthermore,
total survival time is estimated and related to diagnose
related group-based (DRG) values in order to estimate
the cost of each life year gained by operating on this
group of patients.
Patients and Methods
Over a 20-year period (from 1983 to 2002), 53 patients
(12 women) aged 80 or older were operated on for
ruptured abdominal aortic aneurysm. These patients
constituted 15% of the total caseload of ruptured
abdominal aortic aneurysms ðn ¼ 286Þ operated on
during the study period. All patients reaching the
hospital alive were operated on unless they refused
surgery or had other terminal illness (two out of 22
patients with ruptured aneurysms were not operated
on during the last 5 years of the study period). The
operations were conducted in one single vascular unit
and a vascular surgeon attended all operations. Risk
factors, length of hospital stay, complications and time
of death were prospectively entered into a database
run by the department. Patients were defined as
having hypertension, diabetes mellitus or pulmonary
disease only if the conditions were medically treated.
On admission an ultrasonographic scan was per-
formed in the emergency room to verify the presence
of an aneurysm. Patients with stable circulation and
less characteristic symptoms went through a pre-
operative CT scan, primarily to exclude differential
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diagnoses. After the operation, patients were treated
for at least 24 h in the intensive care unit.
The time of death was obtained from the Registrar’s
Office of Births and Deaths. Based on this information
the 30-day mortality rate was calculated and the long-
term survival was estimated using the product limit
method.2 Survival data of all the patients and of those
surviving the first month were analysed and com-
pared to the expected survival of an age and sex
matched population, as calculated from mortality
rates provided by the Norwegian Bureau of Statistics.3
Forty-four of the 53 operated patients (83%) died
during the study period, and for these patients the
exact survival times could be retrieved. The remaining
nine patients had their actual survival times recorded
up to 1 January 2003, and further expected age and sex
specific survival times were added.3 Thus the total and
mean survival times of all patients of 80 years or older
operated on for a ruptured abdominal aortic aneurysm
were estimated. Since the gained survival was allocated
to those who survived the operation, a mean survival
time for these patients could also be calculated.
The financing of Norwegian hospitals is two-fold.
About half the budget is covered with predefined
amounts based on estimated annual activity. The
remaining half is reimbursed through a DRG system.
Each hospital stay is classified by diagnosis and
surgical procedures according to this system and
given a value, as estimated by the Norwegian health
authorities. Since the majority of the procedures were
complicated, the DRG with recorded complications
was used. Based on these DRG values the cost of each
year gained from surgical repair of ruptured abdomi-
nal aortic aneurysm in these elderly patients could be
calculated. The DRG value for the year 2002 has been
used for all patients.
In order to investigate the impact of age on
operative mortality and on postoperative survival
time, the patients were divided into two similarly
sized age groups: those from 80 to 83 years ðn ¼ 28Þ
and those of 84 years or older. To study age dependent
cost differences, a comparison of the length of hospital
stay and the proportion of complicated procedures
was made between the patients of 80 years or older
and the younger patients of our series (233 pro-
cedures).
The Mantel-Haenszel test was used to test for
differences between observed and expected survival.4
Differences between proportions were estimated with
Fischer’s exact test. Logistic regression multivariate
analysis was used to check for a correlation between
risk factors, and continuous data were compared with
the Student’s t-test. StatSoft, Inc. (2001) STATISTICA
for Windows was used for the statistical computations.
Results
The mean age of the study group at the time of surgery
was 83 years (range: 80–92 years). The age distribution
is illustrated in Fig. 1. Preoperatively recorded
comorbidities and specified cardiac diagnoses are
listed in Tables 1 and 2. Thirty-one patients (58%)
were recorded with a systolic blood pressure lower
than 80 mmHg preoperatively. Thirty-four patients
(64%) were recorded as having postoperative compli-
cations. This was a significantly higher percentage
than for the patients younger than 80 years (44%) ðp ,
0:05Þ: The older patients had more renal, cardiac and
pulmonary complications (Table 3). The median
hospital stay was 11 days (range: 0–87 days), which
was found not to differ from that of the younger
patients.
Twenty-five patients died within 30 days of surgery,
leaving an operative mortality of 47%. Seventeen
(55%) of the 31 patients with systolic blood pressure
,80 mmHg and eight (36%) of those with blood
pressure.80 mmHg died early but the difference was
not statistically significant. The operative mortality of
patients aged 80–83 was not statistically different from
that of those aged 84 or older. Operative mortality was
not significantly related to renal impairment (creati-
nine .125 mmol/l) or cardiac disease. A multivariate
logistic regression analysis confirmed the lack of
statistically significant influence on operative mor-
tality of any of these factors. The two patients in their
90s both died within 30 days of the operation.
The 5-year survival of all the patients was 25%. This
was significantly lower than 49%, as calculated for an
age and sex matched population ðp , 0:05Þ: This
relationship is illustrated in Fig. 2. The 5-year survival
of patients who survived the operation was 46%; this
did not differ from the expected percentage (Fig. 3).
The accumulated postoperative survival time of all
the patients was 145 years. The mean postoperative
survival time of all 53 operated patients was 2.7 years
(95% confidence interval: 1.8–3.8 years), whereas the
mean survival time of those who survived the
operation was 5.2 years (95% confidence interval:
3.9–6.5 years). Survival times of those aged 80–83 and
Table 1. Preoperative risk factors of 53 patients aged 80 or older
operated on for ruptured abdominal aortic aneurysm (some
patients had more than one risk factor)
Diagnosis Number
Hypertension 12
Cardiac disease 25
Creatinine .125 mmol/l 30
Diabetes mellitus 5
Pulmonary disease 6
S. Aune et al.300
Eur J Vasc Endovasc Surg Vol 27, March 2004
of those older than 83 years were not significantly
different.
In 2002, Norwegian health authorities estimated the
average cost of an operation for a ruptured abdominal
aneurysm to be e18,650. These are the only costs
considered in the present study. With 53 operations
and 145 gained years, each year of gained survival was
achieved at a cost of e6817, based on 2002 economics.
This implies that for the present population, those who
survived the operation in 2002 will live for another 5.2
years at a price of e35,312.
Discussion
Surgical treatment of ruptured abdominal aortic
aneurysms puts a strain on limited health care
resources. Although some decline has been reported
over the years, the operative mortality is still in the
range of 40–50%.5,6 Octogenarians have a restricted
life expectancy, and with a higher mortality rate than
younger patients, it may be questioned whether these
patients should have their ruptured aneurysms
repaired at all. Most reports on this subject do,
however, conclude that they should be offered an
operation.1,7 Recent reports have indicated improved
results using endovascular repair for ruptured aortic
aneurysms.8,9 Since this method is considered less
traumatic an even greater benefit may be observed
among the elderly.
Our department’s policy has been to operate on
every patient with a ruptured abdominal aortic
aneurysm who reaches the hospital alive and who
does not refuse surgery, and then to terminate the
intensive care treatment at an early stage in cases that
do not recover. The operative mortality of 47% is in the
same range as reported earlier.1,10 – 12 Since less than
10% of the patients who were alive on admission were
left without an attempted operation, this may be
considered acceptable.
No difference in operative mortality could be found
either between patients with low systolic blood
pressure (,80 mmHg) and those with a higher blood
Fig. 1. Age distribution of 53 patients aged 80 or older operated on for ruptured abdominal aortic aneurysm.
Table 2. Preoperatively recorded cardiac diagnoses in 25 of 53
patients aged 80 or older operated on for ruptured abdominal
aortic aneurysm (some patients had more than one cardiac
diagnosis)
Diagnosis Number
Previous coronary revascularisation 1
Angina pectoris 13
Atrial fibrillation 7
Congestive heart failure 7
Previous myocardial infarction 6
Valvular disease 2
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pressure or between the younger and older patients in
our series. These findings are in accordance with
previous reports and contradict the use of circulatory
state and age as criteria to select patients for
surgery.13,14 Blood pressure is, however, measured
only on admission to hospital, and these measure-
ments may therefore not reflect the patient’s condition
during the whole time period from rupture to surgery.
Other reports have indicated a poor prognosis of older
patients suffering from preoperative anuria or hypo-
tension.15,16 Successful repair of ruptured aneurysms
has been reported for patients in their nineties.17 In our
series both the patients of ninety years died early.
These patients would have had an expected remaining
lifetime of 2–4 years, and it appears that only highly
selected patients in this age category should be
submitted to surgery.3
Due to the high operative mortality, the 5-year
survival rate of all patients was significantly lower
than that of a demographically matched population.
The survival analysis of those patients who survived
the operation showed a long-term survival similar to
that of an age and sex matched population. This is in
agreement with previous findings.18 An excellent
long-term survival is not surprising since these
patients are highly selected with the exclusion of
those with other terminal illness, and they have
survived the ‘trial’ of an aneurysm rupture.
The mean survival time cannot be calculated from
survival analyses. In order to allow a cost analysis per
gained year the actual survival time of those who died
Table 3. Fifty-nine early postoperative (<30 days) complications recorded in 34 of 53 patients aged 80 or older operated on for ruptured
abdominal aortic aneurysm (some patients had more than one complication)
Complication Age $80 n (%) Age ,80 n (%) p Value
Multiple organ failure 8 (15%) 19 (9.1%) NS
Renal failure demanding dialysis 8 (15%) 5 (2.1%) p , 0:01
Intestinal gangrene 4 (7.5%) 9 (3.8%) NS
Cardiac complications 9 (17%) 8 (3.4%) p , 0:01
Bleeding demanding re-operation 8 (15%) 21 (9.1%) NS
Pulmonary complications 8 (15%) 14 (6.0%) p , 0:05
Other 14 (26%) 81 (34%) NS
Complication rates for the patients younger than 80 years are included for comparison.
Fig. 2. Observed survival (—) of 53 patients aged 80 or older operated on for ruptured abdominal aortic aneurysm. Expected
survival (- - -) of an age and sex matched population is shown for comparison.
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was recorded and the additional lifetime was esti-
mated for the nine patients still alive at study
termination. Since the majority of patients were dead
and the survival pattern of those still alive was close to
that of an age and sex matched population, the total
survival time may be considered fairly accurate. As
opposed to a non-ruptured symptomatic abdominal
aortic aneurysm, rupture is lethal in nearly every case.
The total survival time of the patients may therefore be
considered the net gain achieved from the operations.
The mean survival time of all 53 patients subjected to
surgery was 2.7 years, which may seem short, given
the long rehabilitation time of these elderly patients.
However, those who survived the operation (i.e. those
who did all the surviving) had a mean survival of
more than 5 years, which may be considered a long
time for patients in their 80s. Although not specifically
related to octogenarians, previous studies have also
indicated a good to excellent quality of life for patients
surviving the repair of a ruptured abdominal aortic
aneurysm.19 – 22
The relationship between DRG-based costs and the
total survival time gained from surgery for ruptured
aneurysms leaves a cost per survival year of e6817.
The accurate cost of each operation obviously varies
and is difficult to calculate. We have therefore founded
our calculations on the estimated costs as set by the
Norwegian health authorities. Due to the higher
frequency of serious complications among these
elderly patients, the cost estimates are probably too
low. The DRG-based costs do, however, state what
society is actually willing to pay for the procedure.
Comparisons between countries are difficult, but costs
higher than ours connected to the repair of ruptured
aneurysms have been reported.23,24 Even after
accounting for the consumer price index, figures
from Ireland from 1992 do indicate a cost per operation
considerably lower than ours (e11,100 in 2002).25
The question of whether the cost of these gained life
years is high or low may be a topic of discussion. Only
the cost associated with the hospital stay is considered.
Further health and social care expenses are complex to
estimate, and these issues are not discussed here. By
comparison, the cost per year gained with statin
treatment is in the range of e30,000–70,000, and the
cost per life year gained by haemodialysis is estimated
to be at least e50,000.26 – 28 Based on these figures a
cost-benefit consideration speaks in favour of repair-
ing ruptured abdominal aortic aneurysms in patients
of 80 years or older.
In conclusion, the operative mortality of elderly
patients operated on for a ruptured abdominal aortic
aneurysm remains high. Those who survive the
operation show the same pattern of long-term survival
Fig. 3. Observed survival (—) of 28 patients aged 80 or older who survived the first 30 days after operation for ruptured
abdominal aortic aneurysm. Expected survival (- - -) of an age and sex matched population is shown for comparison.
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as an age and sex matched population, and their mean
postoperative survival time is in excess of 5 years. In
comparison to other established treatment modalities,
economic considerations indicate a low cost per
gained life year. The promising results for endovas-
cular treatment of ruptured abdominal aortic aneur-
ysms may have the potential to lower the price of each
gained life year even further.
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